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ABSTRACT 
Two irrigation regimes on the growth and yield performance of Thevetia peruviana (Pers) Schum 
were evaluated during the 2010 and 2011 rainy seasons. The study was carried out at the Research 
Farms of the Bio-fuel and Alternate Renewable Energy Ltd, Edidi, Kwara State in the southern 
Guinea savannah of Nigeria. Mature seeds were sown in March and May of both years and 
transplanted in May (early) and July (late) respectively. During each of the field establishments, 
early and late of the two years, the treatments consisted of two irrigation regimes (irrigated and non 
irrigated) and one plant population (2,500 plants ha-1), laid out in Randomised Complete Block 
Design with four replicates. Application of irrigation significantly increased plant height, number of 
primary branches, stem girth, number of harvested seeds, weight of harvested seeds, seed length, 
seed diameter but delayed number of days to first and 50% flower appearance at late period of field 
establishment while the effect of irrigation regimes was not significant on these parameters at early 
period of field establishment. The plants should therefore be irrigated during the dry season if the 
field establishment was done late (around July and August) to improve the vegetative growth and 
yield performance but if transplanting was done early (around May) irrigation may not be 
necessary. Early field establishment is therefore recommended. 
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INTRODUCTION 
Thevetia peruviana (Pers) Schum. is an evergreen tropical arborescent shrub in the family 
Apocynaceae of the order Gentianales. It is commonly known as Yellow oleander (nerium), Lucky 
nut, Be-still tree, gum bush, bush milk, exile tree in India. In spite of the high oil content (67%) of 
its kernel (Azam et al., 2005) and favourable protein content (37%) in de-oil cake (Ibiyemi et al., 
2002), it has remained only an ornamental, fencing or wasteland plant. The plant has a milky sap, 
rich in a compound called “thevetin” that is useful in the treatment of heart related diseases and cure 
for breast cancer (Bose et al., 1999), but extremely poisonous in its natural form, as are all the parts 
of the plant. The seeds when pressed to obtain a semi-drying bio-oil (50-67%) is good for the 
production of bio-diesel and its oleic acid (55%) is close to the value computed for an ideal bio-
diesel (70%). 
 
Water is the major factor limiting crop production in many regions of the world. All physiological 
processes like photosynthesis, cell turgidity, growth of cells and tissues in plant are directly or 
indirectly affected by water (Reddi and Reddi 1995). Increase in seed yield of Indian mustard 
(Brassica juncea) with increase in number of irrigations  
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has been reported by Hati et al. (2001). Application of irrigation can increase the seed yield of 
canola (Brassica napus canola) from 41.7 to 62.9% (Panda et al., 2004). 
Shehata (1992) working on cypress (Cupressus sempervirens) and river red gum (Eucalyptus 
camaldulensis), El-Tantawy et al. (1993) on river red gum (Eucalyptus camaldulensis), Azza et al. 
(2006) on chinaberry (Melia azedarach) seedlings and Azza et al. (2006) on swamp cypress 
(Taxodium distichum), supplied seedlings with three soil moisture contents (40, 60 and 80% of 
water holding capacity). They observed that plant height, stem diameter, fresh and dry weight of 
leaves, stem and roots were increased by increasing soil moisture but root length and fresh and dry 
weight of roots were decreased. Also, Uday et al. (2001) studied the effect of irrigation (at field 
capacity 10.4% w/w) 0.2 F.C., 0.5 F.C. and 10 F.C. levels) on growth of jojoba (Simmondsia 
chinensis) and found that growth was increased with increasing irrigation levels. 
  
Neil et al. (2006) observed that increase in tree girth and yield caused by irrigation and bare soil, 
particularly in dry years, together with the lack of response to the larger rate of fertilizer 
application, suggests that water was more of a limiting factor than nitrogen supply for orchards. 
Haq et al. (1996) found a significant increase of yield where crop was watered properly as 
compared to where crop faced water stress. Clinton et al. (2004) also showed that the maximum 
yield requires a uniform moisture distribution and maintaining high and non fluctuated soil 
moisture within the root zone. 
 
Metwally et al. (2002) in their study on roselle (Hibiscus sabdarifa), and Azza et al. (2007) on 
bauhinia (Bauhinia variegate) seedlings, found that plant height, stem diameter and fresh and dry 
weight of leaves, stem and root decreased with prolonged watering intervals. Water is a major 
constituent of tissue, a reagent in chemical reaction, a solvent for and mode of translocation for 
metabolites and minerals within plant and is essential for cell enlargement through increasing turgor 
pressure. With the occurrence of water deficits/stress many of the physiological processes 
associated with growth are affected and under severe deficits, death of plants may result. The 
response of a crop to water stress varies with crop species, crop growth stage, soil type, 
environment and season. Water stress also affects crop phenology, leaf area development, 
flowering, pod setting and finally results in low yield. Water stress reduced plant growth and yield 
regardless of whether the stress was imposed when the plants were in the vegetative or reproductive 
stage of development (Thomas et al., 2004). Plant water stress, often times caused by drought, can 
have major impacts on plant growth and development. Plant water stress can be the cause of lower 
yields and possible crop failure. The effects of plant water stress vary between plant species. Early 
recognition of water stress symptoms can be critical to maintaining the growth of a crop. The most 
common symptom of plant water stress is wilting. The severity of the water stress response varied 
with cultivar and plant density (Fatima et al., 2000). However, water stress during the reproductive 
stage affected grain yield more severely.  
 
The beneficial effects of water stress have been reported by many researchers who worked on the 
effect of deficit irrigation of fruit flowering, fruit maturity and fruit ripening. Berenguer et al. 
(2002) observed that flower initiation and maturity of olive fruit (Olea europaea) was accelerated 
with dryness. Marsal et al. (2004) found that the maturation of late-maturing peach (Prunus 
persica) was advanced by one week when  
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using the regulated deficit irrigation technique. In a similar study, Mpelesaka et al. (2001) observed 
advanced fruit maturity with the application of late deficit irrigation and whole season deficit.  
The objective of the study was to evaluate the effect of two irrigation regimes at different 
periods of field establishments on the growth and yield performance of Thevetia peruviana. 
 
MATERIALS AND METHODS 
The trials were conducted during the 2010 and 2011 rainy seasons at the Research Farm of the 
Biofuels and Alternate Renewable Energy Ltd, Edidi, Kwara State, Southern Guinea Savanna of 
Nigeria. Rainfall started in March and ended in October or early November with a break of about 
two weeks either in July or August. Edidi, Kwara State has an average annual rainfall of between 
1000mm – 1400mm which is peculiar to the southern Guinea savanna areas. On the average there 
are about 6 – 7 rainy days per month, usually between May and October. The total annual rainfall in 
2011 was higher than that of 2010, even though the monthly rainfall distributions for the two years 
were similar. The dry season started from November and ended by February/March of the 
following year. 
 
Experimental Design:  
In each of the field establishments i.e early and late of the two years, the treatments consisted of 
two irrigation regimes (irrigated and non irrigated) and one plant population (2,500 plants ha-1), laid 
out in Randomised Complete Block Design with four replicates. 
 
Land Preparation and Planting:  
The land was ploughed once and harrowed twice to pulverized the soil. Thereafter the field layout 
was carried out to mark out the appropriate number of treatment plots. The size of each plot in the 
experiment was 10.0m x 8.0m = 80m2 (20plants/plot at 2.0m by 2.0m spacing) and there were two 
(2) plots in each replicate. Thevetia seeds were collected from the wild and pre-germinated in a 
covered and protected nursery in plastic bags for 8 weeks before they were transplanted on a flat 
field at a spacing of 2m by 2 meters. 
 
Irrigation:  
In each of the four replicates, the alternate plots were irrigated deeply (for one hour on each 
application) twice every week with the aid of overhead sprinklers (rotary sprinkler head) during the 
dry season while the other plots were left un-irrigated. In other to prevent seepage of water from 
irrigated treatments to non irrigated treatments, ridges were made across each irrigated treatments. 
Irrigation exercise lasted for three months for both the early and late period of field establishments 
during the 2010 and 2011 experimental trials. 
 
Weed Control:  
Glyphosate a systemic and non-selective herbicide was used at the rate of 2.5 kg a.i ha-1 using 
Knapsack sprayer to control both annual and perennial weeds at intervals of 8weeks. The herbicide 
was carefully applied so that it does not contact with any green part of the tree, including the trunk. 
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Data Collection:  
The following parameters were evaluated in the two seasons: -  
i. Plant height at 20, 24, 28 and 32 weeks after transplanting (WAT) 
ii. Number of primary branches at 20, 24, 28 and 32 weeks after transplanting (WAT) 
iii. Stem girth 20, 24, 28 and 32 weeks after transplanting (WAT) 
iv. Number of days to first and 50% flower appearance 
v. Number of days from planting and from flowering to fruit maturity 
vi. Number and weight of harvested seeds 
vii. Seed length and diameter 
viii. Dry weight of 10 seeds 
 
Data Analysis:  
The data collected was subjected to statistical analysis of variance (ANOVA) using Statistical 
Analysis Software (SAS) and the significant treatment means were compared using the Least 
Significant Difference (LSD) at 0.05 level of probability (p ≤ 0.05). 
 
RESULTS 
Plant height: The height of Thevetia peruviana plant as influenced by irrigation regimes at both the 
late and early field establishments is presented on Table 1. Irrigating late field established plants 
significantly increased the plant height when compared with non irrigated plants while the 
difference between the two irrigation regimes when the field establishment was done early was not 
significant. 
 
Number of primary branches: The effects of irrigation regimes and periods of field establishment 
on number of primary branches are shown on Table 2. The difference in number of primary 
branches/plant between the two irrigation regimes at 20 WAT on late field established plants and at 
all weeks after transplanting on early field established plant were not significant but the increase in 
number of primary branches/plant was significant at 24, 28 and 32 WAT on late field established 
plants. 
 
Table 1: Mean effect of late and early periods of field establishment and irrigation regimes on 
plant height (cm) of Thevetia peruviana  
 
Treatments               Weeks after transplanting (WAT)  
                  Late                               Early  
            20       24        28 32                 20         24           28          32 
Irrigation Regimes (IR) 
Irrigated        74.43   99.26a    120.27a     138.71a        93.47    111.19    138.67    144.87  
Non irrigated       72.36   90.59b   112.84b     130.44b        93.67    112.56    136.32    144.82 
LSD (0.05)         N.S  4.02         4.93        5.18       N.S N.S    N.S   N.S 
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD). 
 N.S = Not significant, WAT      = Weeks after transplanting 
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Table 2: Mean effect of late and early periods of field establishments and irrigation regimes 
on the number of primary branches (number per tree) of Thevetia  peruviana  
 
Treatments               Weeks after transplanting (WAT)  
                  Late                               Early  
            20       24        28          32           20         24           28          32 
Irrigation Regimes (IR) 
Irrigated        16.30     25.14     32.80a     37.11a          21.00      27.09     34.70      41.94  
Non irrigated       16.39     25.04    28.90b     34.56b           21.24      26.98     33.47     40.50 
LSD (0.05)         N.S   N.S        1.74     2.00             N.S N.S     N.S N.S 
 
Means in a column of any given treatment followed by the same letter(s) do not differ significantly 
at 0.05 level of probability using the Least Significant Difference (LSD) N.S = Not 
significant, WAT      = Weeks after transplanting 
 
Stem girth: Table 3 showed the responses of Thevetia peruviana in terms of the stem girth to 
irrigation regimes and periods of field establishment. Irrigating the plants during the dry season on 
late field established plants significantly increased the stem girth as compared with plants not 
irrigated, while on early field established plants, the difference in the stem girth was not significant 
between the two irrigation regimes.  
 
Table 3: Mean effect of late and early periods of field establishment and irrigation regimes  on 
stem girth of Thevetia  peruviana 
 
Treatments               Weeks after transplanting (WAT)  
                  Late                               Early  
            20       24        28               32           20         24           28          32 
Irrigation Regimes (IR) 
Irrigated          1.07b     1.77b        2.72a     3.07a               1.99       2.40       2.95       3.57  
Non irrigated         1.34a     1.85a        2.06b     2.75b               2.04       2.46       2.99       3.35 
LSD (0.05)         0.04        0.08          0.12      0.22      N.S      N.S     N.S     N.S 
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD) 
 N.S = Not significant, WAT      = Weeks after transplanting 
 
Number of days to first and 50% flower appearance: Table 4 showed the effects of periods of 
field establishment and irrigation regimes on number of days to the first and 50% flower 
appearance. Irrigating the plants resulted in delayed number of days to both first and 50% flower 
appearance which was not significant on number of days to first flower appearance at late field 
establishment.  
 
Number of days from planting and from flowering to fruit maturity: The response of the shrub 
in terms of number of days from planting and from flowering to fruit maturity under two irrigation 
regimes and periods of field establishment is presented on Table 5. The effect of irrigation regimes 
resulted in a non significant increase on the  
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number of days to fruit maturity from planting and from flowering at both periods of field 
establishment. 
 
Number and weight of harvested seeds: Table 6 shows the effects of periods of field 
establishment and irrigation regimes on the number and weight of harvested seed. At late field 
establishment, irrigating the plants resulted in a significant increase in the number and weight of 
seeds harvested, while a non-significant increase was observed in the number and weight of 
harvested seeds at early field establishment. 
 
Table 4: Mean effect of periods of field establishments and irrigation regimes on number  
    of days to first and 50% flower appearance of Thevetia  peruviana  
 
Treatments          Days to First Flower Appearance     Days to 50% Flower Appearance   
 Late (July)        Early (May)     Late (July)      Early (May) 
Irrigation Regimes (IR) 
Irrigated                   242       286b  281b    295b      
Non irrigated      239       283a  266a       289a  
LSD (0.05)                   N.S       2.49   11.05    2.10  
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD)   N.S =
 Not significant  
 
 
Table 5: Mean effect of period of field establishments and irrigation regimes on  
Number of days from planting and from flowering to fruit maturity of Thevetia 
peruviana  
 
Treatment               Days From Planting           Days from flowering                       
Late (July)       Early (May)       Late (July)      Early (May)   
Irrigation Regimes (IR) 
Irrigated       321  373      82      88  
Non irrigated       316  371      81       86 
LSD (0.05)        N.S  N.S      N.S     N.S 
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD)  N.S =
 Not significant 
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Table 6: Mean effect of periods of field establishment and irrigation regimes on  
Number and weight of harvested seeds  
 
Treatments     Number of Harvested Seeds    Weight of Harvested Seeds  
       Late (July)        Early (May)           Late (July)    Early (May)    
Irrigation Regimes (IR) 
Irrigated     6,889a 8,278        24.42a    29.57  Non irrigated      
                3,796b  7,611        12.35b    28.05 
LSD (0.05)                 1788   N.S           6.95     N.S 
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD).N.S =
 Not significant 
 
Seed length, Seed diameter and Dry weight of 10 seeds: The seed length, diameter and dry 
weight of 10 seeds of T. peruviana as influenced by periods of field establishment and irrigation 
regimes is shown on Table 7. Irrigation during the dry season did not significantly affect the seed 
length, seed diameter and dry weight of 10 seeds at early field establishment. However, at late field 
establishment, irrigation significantly increased all the parameters.  
 
Table 7: Mean effect of periods of field establishments and irrigation regimes on  
Seed Length, diameter (cm) and dry weight of 10 seeds of Thevetia peruviana  
 
Treatments        Seed Length     Seed Diameter      Dry Weight of 10 Seeds                
        Late      Early         Late       Early   Late           Early  
Irrigation Regimes (IR) 
Irrigated       3.34a      2.84           1.64a     1.48    12.75a           9.86 
Non irrigated      3.24b      2.81 1.59b     1.48    11.06b 9.60 
LSD (0.05)       0.10       N.S  0.04     N.S       0.86 N.S 
 
Means in a column under any given treatment followed by the same letter(s) do not differ 
significantly at 0.05 level of probability using the Least Significant Difference (LSD). N.S =
 Not significant 
 
DISCUSSION 
Water is the major factor limiting crop production in many regions of the world. All physiological 
processes like photosynthesis, cell turgidity, growth of cells and tissues in plants are directly or 
indirectly affected by water (Reddi & Reddi, 1995). Dehghanisanij et al. (2007) reported that 
vegetative growth significantly increased as the irrigation water applied in different stone fruit trees 
(cherries, apricots, plums and nactarines) increased. 
 
Irrigating T. peruviana plants resulted in significant increase in the plant height, number of primary 
branches and stem girth. The significant increase in plant height, number of  
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primary branches/plant and stem girth were due to more availability of moisture which resulted into 
increased physiological processes like photosynthesis, cell turgidity, growth of cell and tissues and 
increased nutrients uptake with irrigation frequencies.  These results agree with the earlier reports of  
Uday et al. (2001) who found that growth was increased with increasing irrigation levels in jojoba 
(Simmondsia chinensis). It has been reported that for the measurements of wood growth, either the 
trunk or main branches may be used to compare the responses of trees to different irrigation 
treatments at the same location (Wiegand and Swanson, 1982).  
 
 Plant water stress, often times caused by drought can have major impacts on plant growth and 
development. When it comes to crops, plant water stress can be the cause of lower yields and 
possible crop failure. The effects of plant water stress vary between plant species. Early recognition 
of water stress symptoms can be critical to maintaining the growth of a crop. The most common 
symptom of plant water stress is plant wilting. As the plant undergoes water stress, the water 
pressure inside the leaves decreases and the plant wilts drying to a condition of wilt which will 
reduce growth on nearly any plant (Batten et al., 1994). The significant reduction in plant height, 
number of primary branches and stem girth when the plants were not irrigated could be as a result 
of physiological disorders experienced by the plants during the dry season which resulted in 
reduced rate of photosynthesis and transpiration and consequently reduced growth. Similar results 
were obtained by Sarker et al. (2005), who reported  that water deficit in plants may lead to 
physiological disorders, such as a reduction in photosynthesis and transpiration. This result also 
supported the findings of Thomas et al. (2004) who showed that water stress reduced plant growth 
and yield regardless of whether the stress was imposed when the plants were in the vegetative or 
reproductive stage of development. In the tropics, however, night temperatures remain too high for 
flower induction and a dry period is proposed as the environmental cue for flower induction (Lu 
and Chacko, 2000). Number of days to first flower appearance, number of days to 50% flower 
appearance, number of days from planting to fruit maturity and number of days from flowering to 
fruit maturity were found to increase when the plants were irrigated. The result indicated that 
irrigating the plants delayed number of days to first and 50% flower appearance, number of days to 
fruit maturity from planting and number of days to fruit maturity from flowering. This is in line 
with the findings of Alegre et al. (1999) who found that acceleration in the olive fruit’s 
development to maturity occurs when the water supply was limited. Similar result was also reported 
by Tovar et al. (2002) who found that, in irrigated olive trees, fruit slowed down the ripening 
process, and reached the same maturity index later than the fruit of the non irrigated treatment. 
 
The earliness to attain flowering and maturity under no irrigation may be as a result of reduction in 
the water status of the plants leading to reduction in the activities of the meristematic tissues. 
Similar report was also given by Berenguer et al. (2002) where they observed that flower initiation 
and maturity of olive fruit (Olea europaea) was accelerated with dryness (water stress of the tree). 
Marsal et al. (2004) also found that the maturation of late - maturing peach (Prunus persica) was 
advanced by one week using the regulated deficit irrigation (RDI) technique. The results of this 
study also agree with the findings of Mpelesaka et al. (2001) who observed advanced fruit maturity 
with the application of late deficit irrigation and whole season deficit. In the same regard, Cuevas et 
al. (2008) concluded in their study that, all deficit irrigation  
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treatments promoted earlier flowering of loquat (Eriobotrya japonica lindl). However, the more 
severe the water stress was, the earlier the blooming resulted.Water is a major constituent of the 
tissue, a reagent in chemical reaction, a solvent for and mode of translocation for metabolites and 
minerals within plant and is essential for cell enlargement through increasing turgor pressure. 
 
The number of fruits and their final size are dependent on the growth of other organs such as the 
root, shoots, and trunk. Nevertheless, fruit size is considered to be the major fruit characteristic 
influenced by irrigation (Marsh, 1993). There was an increase in the seed length, seed diameter and 
dry weight of 10 seeds when the plants were irrigated. This could be as a result of taller plants and 
higher number of primary branches recorded under irrigation which increased light interception for 
the process of photosynthesis leading to higher accumulation of photosynthates (assimilates) in the 
seeds (sink) and consequently, increase in seed length, seed diameter and seed weight. The 
reductions in the seed length, seed diameter and dry weight of 10 seeds under no irrigation could be 
attributed to losses of tissue water which inhibits cell division and enlargement. El – Monayeri et al. 
(1985) reported similar result and showed that the vital roles of water supply at adequate amounts 
for different physiological processes such as photosynthesis, respiration, transpiration, 
translocation, enzyme reaction and cells turgidity occurs simultaneously. It could also be attributed 
to a decrease in the activity of meristematic tissues responsible for elongation, as well as the 
inhibition of photosynthetic efficiency under insufficient water condition (Siddique et al., 1999).It 
was also observed that yield increased significantly with the application of irrigation water. The 
significant increase in yield of T. peruviana could be attributed to greater plant height, number of 
primary branches per plant and the stem girth which translated into more number of flowers per 
branch and per plant and the subsequent greater yield. Yield increase under irrigation could also be 
attributed to availability of moisture which facilitated nutrients uptake.  Similar result was 
documented by Haq et al. (1996) who found a significant increase of yield where crop was watered 
properly as compared to where crop faced water stress.  
  
The reduction in the yield under no irrigation could be as a result of reduced plant height and 
number of primary branches which in turn reduced the water status of the plant for accumulation of 
organic solutes. Ali et al. (1999) indicated that soil drying decreased leaf growth thereby reducing 
leaf water status in addition to accumulation of organic solutes to osmotic adjustment which in turn 
inhibit the incorporation of small substrate molecules into the polymers needed to grow new cells. 
 The result also indicated that the period of field establishment affected the plant. Plant 
height, number of primary branches, stem girth, number of harvested seeds, weight of harvested 
seeds, seed length, seed diameter and dry weight of 10 seeds were not significant under the two 
irrigation regimes at early period of field establishment but significant at late period of field 
establishment. The reason for the non significant of these parameters at early period of field 
establishment could be attributed to the longer growing period experienced by the early established 
plants under the two irrigation regimes before the commencement of irrigation during the dry 
seasons while the significant increase in these parameters at late periods of field establishment may 
be as a result of physiological disorder experienced by the plants during the dry seasons.  
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CONCLUSION 
Based on the results of this study, the period of field establishment is very critical and will 
determine whether or not to irrigate the plants, this is because most of the parameters tested at early 
period of field establishments were not significant under the two irrigation regimes. Early field 
establishment is therefore recommended. 
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